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Overview

Assume uniform M
> 3D form of Stoner-Wohlfarth model

> “Biaxial anisotropy of second degree” [1]

Analysis of magnetization reversal
> 1D parameterization of stationary points

> Classification of stationary points

Quadratically convergent iterative algorithms
> Switching field H

> Equilibrium magnetization(s) M, given H
Direct calculation of coercivity H. when # H,

As |H| 1 H,:

> Precession frequency: f o (Hg — \H|)(1/4)
> Susceptibility: x oc (Hy — [H|)~(1/2)
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... for Uniform M
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Lagrange Analysis

Dy

Hard axis

E = (p10/2)M" DM — poH' M

Choice of coordinates:

D, 0 0 |
D=| 0 D, 0
0 0 D,

Let M = Mm and H = Hh.
Fix M and h. Vary H.

How does m rotate in response?




Lagrange Analysis

Constrained optimization problem
Apply multiplier (uo)) to constraint |[M|? = M?
VME = p10DM — poH = (poA)M
Solve for M
M(A) = Mm(\) = (D — M) 'H
Substitute into constraint
M\? h?
(ﬁ> (D = A)?

g(A)




global max

Xeuw [BJ0]

saddle

o[pPpes

local min




Classification of Stationary Points

e Let \* be solution of g(\*) = (M/H)?. Define:

d(R)ERT (D - IR

Let m* = m(A\*). Then,

AE = E(m) — BE(m*) = %W &(m — m")

A< D,: AE > 0; global minimum

A > D,: AE < 0; global maximum

D, < X" < D,: examine ®(R) near R = 0.
®(R) = R°®(r); rl=1,r-m=0.

Let a; = min ®(r).

Let as = max ®(r).




Classification of Stationary Points

Another constrained optimization problem
H2

a1ao = 2M2

(Dz = X" )(Dy = A") (D= = A")g' (A7)

H m*

a1 +as =D, +D,+ D, — 3\ 7

“Interlacing property” [2, 3]
D$—>\* Sal SDy—)\* SCLQSDZ—)\*

D, <N <Dy: ag >0

> g’ (M) <0 = 0<a; <ay = local minimum
> g’ (M) >0 = a1 <0 < ay = saddle point
D, <X <D,: a1 <0

> g'(A*) <0 = a3 <0 < as = saddle point

> g'(A*) >0 = a1 < az <0 = local maximum




Plot of ¢'(\)




Switching Field H,
Switching (a — b) when |H| = Hy
Point a: (A, (M/H,)?), where
D, < As < Dy; g (X\s) =0
Newton’s method iteration converges to Ag

Andl = Ap — gl(An)/gH(An)

1hT (D — X\, I)"°
3hT (D — M\, 1)~ *

h
h

>\n—|—1 — >\n

From A and ¢(-), compute H,
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Equilibrium Magnetizations

e Each \* solves g(\*) — (M/H)?* =0
e Newton’s method iteration converges to \*
Ant1 = Ao = (9(An) = (M/H)?) [g'(An)

h? (D — X\, I) *h— (M/H)?
2h” (D — X\, 1) °h

)\n—i—l = Ap —

e From \* and H, compute m*

e Different A intervals for m* min, max, etc.
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Coercive Field H.

e When does M - H change sign?

> Applied field direction near easy axis
x Irreversible sign change
* Only during switching (at Hy)
> Applied field direction far from easy axis

x Reversible sign change
x Coercive field |H.| < H; exists

H, M()\.) =0

2
+ Yy + LA
Dy —Ae Dy—A. D,— A\

e (Quadratic equation in .
e Roots: D, <A\ <D, < Ao <D,

e From A\; and ¢(-), compute H.
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Precession Frequency f

LLG dynamics near equilibrium

Precession frequency f is a function of the energy
surface curvature|4]:

YV 1+ (XQM\/CIQCLQ
27

f

gyromagnetic ratio

damping coeflicient

For A\ near A,

g'(\) = 2M\/9”<AS)<§§ — 1) + O(H, — |H|)

Thus as |H| T Hy

fH) =~ % (1+ a2) M det (D — A1)

X 6/9//<AS)HS(HS — |H])

Likewise, susceptibility x as |[H| T Hy

X o< (Hy — |[H|)~H2
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Special Cases

e Classic Stoner-Wohlfarth Model (2D)
> Simplify g(-) to two terms.
> Any 2 of D,, D, D, equal; or
> Any 1 of h,, h, equal to 0
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e Isotropic case

> All 3of D,,D,, D, equal
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utMAG Std. Prob. 2: Reversal

Theory (d/1,,=0) and Simulation (d/l,,=0.125)




uMAG Std. Prob. 2: Coercive Fields|5, 6, 7]
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